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Chostract

Mycobacterium (M.) bovis, a member of the M. tuberculosis complex (MTC), is a re-emerging, zoonotic
agent of bovine tuberculosis whose prevalence probably depends on variations in direct exposure to cat-
tle and ingestion of raw milk. Accurate species differentiation of M. bovis and M. tuberculosis is needed
to distinguish between human and zoonotic tuberculosis. This study successfully developed a loop-medi-
ated isothermal amplification (LAMP) assay for rapid detection and differentiation of M. bovis and M.
tuberculosis, however showed negative reactions in eight non-tuberculous mycobacteria (NTM) samples
and ten other bacterial species. Sensitivity of this assay for detection of genomic M. bovis DNA was
10 fg/ul. And this assay successfully detected M. bovis in bovine clinical specimens. In conclusion, the
LAMP assay is a simple and powerful tool for rapid detection of M. bovis in both pure bacterial culture

and in clinical samples.
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Lo Eo|4, LA 121 AEAS Y DNA = o A WhAE 40] QolxA A W 24437} HAF
£ 7]%olth LAMP assay® MTCE2 #3170 B4 d=Zd 3274S LAMP assay Ao A-gatgick

37 9)31A] 1S6110 (Aryan =, 2010), hspX (Bi =,
2012), 16S rRNA (Pandey -5, 2008), gyrB (Iwamoto
5, 2003), mpt83 (Zhang 5, 2011) ¥ rimM SHZ}
(Zhu -5, 2009) 5-°] A= AT}

Wl A M. bovisol] O3t At H-E 9= o]
qlof A A Ak 1740] HAlE QTH(Lim -5, 2011).
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oy AT 5 AFIULS AR o7} ek

wrebd o]l ATe] BAL ol BHS A5
©18) 4] Genie® I (OptiGene, UK) AH]2 o]&3}o] M
tuberculosisO| W =A== 12.7-kb AHAELZ M. bo-
vis@} M. tuberculosisS 7FHS 4= )= LAMP assay=
skl on, 40 dd Agel fejE A

o #gateict

BAF: o Aol o] g 1059 AFFS M
bovis ANS, M. tuberculosis, M. avium, M. intra-
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monocytogenes, L. innocua, Campylobacter (Cam.) coli,
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o 4 WAR 0] Folgd TxA Wl 24} ARE
FH 23t 22 vige A Koh 5(2011) ¥
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(L)) iAo FFske] 37°CollA] 3~65= F< ul st
WA F WSS ST 2A gL e
Al fokst et Atk 9= 24 1-3 g A=

g da g 5 mint Egste] #AskeHlth
FE o] 4% NaOH &9 5 mliE 37}ato] Aol 4]
1557k W3tA7] T 2% HCl 6.8 mlS A7}ste] 23}
AN S3hE FAHL2 3,000 xgo A 158 FF
AEEE o o%%L Wil FHEe dvtd
PBS (pH 7.2) 2 mlZ H7}sto] AF 237 & 3
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L Eof 15~20% A3 & YAEZ o] A=
Aol Abgsteleh. HZd Az} LI Hj 2] of| A]

F5 A3 DNA 322 Koh 5(2011)¢]
o] whgktt. Proteinase K 2] & A APES
95°CellA] 57 A ] stget.

%%% DNAL NanoDrop® ND-1000 UV-Vis Spec-
trophotometer (NanoDrop Technologies, USA)E ©]-§-3}
o] 260:280 nmol| Al AFFate] AE HA7x] —20°Co]|
H@sih
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DNA oligonucleotides

M. bovis®} M. tuberculosis Z1'H-2 2J3t oligonucleo-
tide TJA}FQ1-2 Zumiarraga 5(1999)0] H. 113t M. bovis 2]
-3k A4E 229-bpo] FUIAEE EA5t M. bovis
AF2122/97 A §-A XA H(accession No. BX248339)
I} M. tuberculosis®]] Eo]ZQl 12.7-kb HH EH
(accession no. BX842576)5 HA3}o] Tomita 5(2008)
9] w3} PrimerExplorer V4 3 =2 713 (http://primer-
explorer jp/elamp4.0.0/index. html)&  ©]-83}6] primer
(F3, B3, FIP ¥ BIP)E AA 3152, 2709 loop pri-
mer (FLP, BLP):= 2% A 7|3}l tH(Table 1). Primer=
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Table 1. Nucleotide sequences used in this study to detect M. bovis (229-bp contiguous sequences) and M. tuberculosis (12.7-kb fragment)

Target species Oligonucleotide Sequence (5'—3'") Note

M. bovis Mbovis RV37 F3* TTCCGAATCCCTTGTGAAGT Outer forward
Mbovis B3 ccagctaagatatccggtacg Outer reverse
Mbovis RV37 FIP* gegtcatgaccaaaccattggta ATGTGCGAGCTGAGCGA Forward inner primer (F1c+F2)
Mbovis_ BIP TTCATACAAGCCGTAGTCGTGCAcgccegttgtaggecacte Backward inner primer (Blc+B2)
Mbovis RV37 FLP* atttttgggagcggcgaca Loop primer
Mbovis RV37_ BLP*  GAAGCGCAACACTCTITG Loop primer

M. tuberculosis ~ RV37_BIP TTCATACAAGCCGTAGTCGTGCActctgcaagegeaggtactc  Backward inner primer (Blc+B2)
RV37 B3 atgcgcgacgacctgta Outer reverse

*Consensus between M. bovis and M. tuberculosis.

F3 FIP F2

5' - TTCCGAATCCCTTGTGAAGT AGTA ATGTGCGAGCTGAGCGA TGTCGCCGCTCCCAARAAT TACCAATGGTTTGGTCATGACGCCTTCCTAACCA

7aaggctt$éggaacacttcatcat tacacgctcgactcgct acagcggcgagggtttttaatggttaccaaaccagtactgcéf;éaggattggt

BIP Bic BLP

FLP Fic FIP

GAATTGTGAATTCATACAAGCCGTAGTCGTGCA GAAGCGCAACACTCTTG GAGTGGCCTA?MQGGCG CTCTCCGCGGCGCGGG CGTACCGGATATCTTAGCTGG 3

cttaacacttaagtatgttcggcatcagcacgtcttcgcgttgtgagaac ctcaccggatgttgcchZQagaggcgccgcgcccgcatggcctatagaatcgacc 9

B2 BIP B3

Fig. 1. The 229-bp contiguous sequences of M. bovis (accession No. BX248339) was used to design the six primers. The sequences of the LAMP
primer sites are in rectangles. Right and left arrows indicate sense and complementary sequences were used for the primer. Forward inner
primer (FIP) contains the sequence (F1c) complementary to F1 and F2, backward inner primer (BIP) contains B1 and the sequence (B2c)
complementary to B2. FLP: forward loop primer, BLP: backward loop primer.

Bioneer (Korea)o]] 2]Z|sto] dHAd51% 0w, FIPL} BIP
+ HPLC HFA|E 3}t Primer+= 3% DNA| tjj3|
A Fig. 17} Zo] loop primer (FLP, BLP)E A 2|3} U
) primer} 217] THE o}4 A 91} Bolzew
A3l o] Lo A}8-= F3, FIP, FLP, BLP=
M. bovis2} M. tuberculosis®} 3202 AIEE =2 A
Alst At

LAMP PCR g8 =2

LAMP ¥HS-oH2 1.6 uMe] FIPS} BIP, 0.2 uM<] F3
¢} B3, 0.4 uM9] FLPS} BLP, 1 ul®] template DNA
T12] 31 Isothermal Master Mix (OptiGene, UK) 12 ul&
HIASET UL 20 Wt HEE ERAR 27
3}tk 2 E template DNA= 96°Col|A] 387 HA 3}
S AX 5 LAMP Hh-g-dof H7tsto] A7lskict.
A0 pErAS 37 gIskel 60~67C Wlol

I'C Folz TR LETUe HFsn, AEE
F= M. bovis AN5E template DNAZ o|-83}¢th
LAMPX Genie® 11 (OptiGene, UK)& o]&-3}o] o]%
A DNAS) B%E ATolRE o754 488 m,
HET 520 nmoll 2Ich. ¥R AT 3080]1)

r#z;
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Fig. 2. Amplification curves of gradient LAMP for M. bovis ANS.
Using the Genic® 11, a gradient of 60 to 67°C was set. M.
bovis was amplified faster at 67°C than at 65°C recom-
mended by the manufacturer of the Isothermal Master Mix.
M. bovis DNA detection time (min:sec) was 60°C, 15:54;
61°C, 15:09; 62°C, 13:56; 63°C, 13:15; 64°C, 11:53; 65°C,
11:19; 66°C, 10:27; 67°C, 10:11.

0]% PCR Whg-HE 95°CE A5AI7l & 80°C7HA] &
ZA FEAEO] re-annealing =2 ZA5HTE &
ZAI = Geme‘D IT software (Ver. 0.99, OptiGene, UK)
ZagdS olgd sholskyl)

M. bovisol| tHgF LAMPO] HE3HA AAFE flsiAl
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Fig. 3. A minimum of 10.0 pg/ul of DNA could be detected. (A)
Real-time fluorescence curves of M. bovis DNA dilution
series were amplified by LMAP at 65°C for 40 min using
the Genie™ 1I. (B) 2% agarose gel shows LAMP amplicon
as a ladder of bands. Lanes M) 100 bp DNA ladder, 1) 10.0
ng/ul 2) 1.0 ng/ul, 3) 0.1 ng/ul, 4) 10.0 pg/ul, 5) 1.0 pg/ul,
6) 0.1 pg/ul, 7) 10.0 fg/ul, 8) 1.0 pg/ul.

N

35 9 i2 s d3 51 24 3 % & % b 4 O -

Time {min)

Fig. 4. A minimum of 10.0 pg/ul of DNA could be detected. (A)
Real-time fluorescence curves of M. bovis DNA dilution
series were amplified by LMAP at 67°C for 40 min using
the Genie® II. (B) 2% agarose gel shows LAMP amplicon
as a ladder of bands. Lanes M) 100 bp DNA ladder, 1) 10.0
ng/ul 2) 1.0 ng/ul, 3) 0.1 ng/ul, 4) 10.0 pg/ul, 5) 1.0 pg/ul,
6) 0.1 pg/ul, 7) 10.0 fg/ul, 8) 1.0 pg/ul.

DNAZ 10 ng/ul2 A3t &
EE

106 Agk 3] 45}e] A

Gradient LAMP assay

60°Coll A 67°C7HA] ZZ=tufjo] wE Z[ThA|Zke|
AldS AT F U 25+ 67°Co|L, HEA
7hE 107 112tk A 2AF| A AAIZE LAMP A9
o 2|4 2E=x271E 65°CE olnf 43 HEH ARt
2 1% 1922 67°CY wiko} oF 158 = A A=S]
thFig. 2).
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Table 2. Comparison of the detection time between 65°C and
67°C using Genie™ I for M. bovis

Lane in Fig. 3 DNA Peak position (min:sec)
and Fig. 4 concentration 65°C 67°C
1 10.0 ng/ul 08:44 07:46
2 1.0 ng/ul 09:44 08:31
3 0.1 ng/ul 10:59 09:31
4 10.0 pg/ul 13:14 11:01
5 1.0 pg/ul 14:44 12:16
6 0.1 pg/ul 14:29 17:16
7 10.0 fg/ul 17:14 ¥
8 1.0 fg/ul - -
*Not detected.
§0,000
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2
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&
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Fig. 5. Meltmg curves for M. bovis LAMP product as monitored in
Genie® TI. The cruves were obtainded after LAMP
amplification for 30 min. M. bovis had a melting
temperature (Tm) of 87.3+0.1°C.

M. bovis9] LAMP assay ZZEVH|

M. bovis®] DNAE 10 ng/ulF-g 108} At 345}
o] 65°Ce} 67°C 27194 LAMP assay2| % %ﬂﬁl
AT 65°Col A HETHAl= 10 fgul7hA] 4
o] 7hs3l X HHFig. 3A), 67°ColA A=A = 01
pgWI7HA] A& = h(Fig. 4A). o5 F 7HA] 2&=x
Aol gt A7195 A Abrhe] k] LAMP assay
o] ElE gl on, HEFHA = HAAIZE =L
1 %] 3} ¢ tH(Fig. 3B, 4B). 718|311 LAMP assay S ©]
st M. bovis®] FEAIZE 205 ool gRlo] 7}t

3?‘?%13}(171% 3, Table 2). whebA] o oA Hz
9 Aol o3t £E 2L 65°CAHA LAMP assayS
N ]

M. boviso] B3 LAMP assa y ZZ Ao St melt-
ing temperature (Tm)E =743 Z1} 87.3+0.1°Co| it
(Fig. 5).
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Table 3. Specificity of LAMP primers for identification of M.
bovis and M. tuberculosis

Table 4. Comparison of LJ medium and LAMP assay for the
detection of M. bovis

Amplification by LAMP primer LJ medium LAMP assay
Strain Pathological status
M. bovis M. tuberculosis Positive  Negative Positive  Negative
Mycobacteria VL* (n=24) 21 3 24 0
M. bovis +* —f NVLT  (n=32) Not tested 0 32
M. tuberculosi - + . . .. .
u ‘ercu ot *Visible lesions. 'Non visible lesions.
M. avium - -

M. intracellulare - -
M. fortuitum - -
M. phlei - -
M. peregrinum - -
M. scrofulaceum - -
M. smegmatis - -
M. kansasii - -
Nonmycobacterial species
E. coli - -
Samonella spp. - -
Sta. aureus - -
CL. perfringnes - -
L. monocytogenes - -
L. innocua - -
Cam. coli - -
Cam. jejuni - -
Ent. faecium - -
Ent. faecalis - -

*Positive result. TNegative result.

LAMP assay E0|A

2 AMEM. bovis)S EFFeE A o+ 1059}
E. coli 5 QA A+ 10704 %% DNAS tjAt
O LAMP assay®] Eo|A AFL 65°Co| 4] =35}

Atk M. bovis®t M. tuberculosis©ll 512 Q1 LAMP
primeris s AT WS, e Asg
I JUAd AdoAs wxpgrgo] #EE R okofct

(Table 3).

EdIdFA AYAZ0 [HSH LAMP assay

EagoA] WAE 2o] SoleA WY W 24
N A& F 217404 Zddllgto] Re|Eem, M. bo-
vis@} M. tuberculosis®l| T3t LAMP assay 432

N EelE BE M bovis2 ZRIEQITE Tejar &9
oA HEd 2442 LAMP assayolA] HF M
bovis7} AEEQow, A YT A 3248 HE 24
o] 1 TtHTable 4).

o

Notomi 5(2000)0] A3 & 2AA £ &
old, &4 1Y A&EAHE Ad LAMPE &=
DNA 53 7|&& /Wdskith o= 7]1&9] PCROJA|
AH8-E= Tag DNA polymerase tjAl Bst DNA poly-
meraseS AFRSO 2R AATE LEoA AT 2 Al
A s 4= QA =k Bst DNA polymerase+= Y+t
PCRE] Tag DNA polymerase®}= &&| 5'—3' exonu-
clease?] A4ZAE& 7FX| 2 9Jo] DNAQ o]&UA Lz
= Foll o3t HAdS AXA &L Tmgkoll 77ke- &
3 Lmolx HME L Algo] SaHT(Nagamine 5,
2002b).

LAMP A#ojAl DNAS W4AZ Hast go
w(Nagamine 5, 2001), Y] 7} primer”} ¥%] DNA2]
2471 2 oA 7l B91E 1A wjiEe] Holigol
W9 & Wk oh)e} loop primer7} L2 @A) <
=5 S7H717] dZoll A&sHA AnE =28 4
Qlt}(Nagamine -5, 2002a). o] Ao A% loop pri-
merS AFSY] AFATNE 108 e =T 4 g)
ATHALE u]A|A]). LAMP assay®] T}2 EXO Abct
F2] DNAZ}F P4 =7 wiof dNTPolA] =% py-
rophosphate ©]-2(P,0,")©] magnesium ©]-&3} Z3}a}
o] AAE  FAMEQl  magnesium  pyrophosphate
MgP, 0ol A et e s S8 o=n HAIRE
o %4 DNAZ A% 4 9 HedthMori 5,
2001; 2004). Pandey 5(2008)7 Bi 5(2012)2 tur-
bidimeter 7| 7] & 0|83} M. tuberculosisS <5}
t}. E3, Mori 5(2006)2 FITCS} ROX9} 728 3
E4E A% probes H7I5t] LAMP 5E4HE9
ol =21l polyethylenimine (PEDE F7}ste]
o) 2 DNAZ A1) AJzsksteler. ol 2o
AL DNA 52 HAHZOlA] $o3t S 94& o
A= AE3HE premix A| =T} Genie® 1I (OptiGene,
UK) 7712 d3llat 5% 55 AdAte s 2Rld

ol; R

it
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LAMP= PCRY} tf53t AFZAE et A|gL,
primer AA|Y Firte 24 wEo] S8}
A F4] o] tH(Gandelman 5, 2011). Tomita $(2008)-2
FEELEMN calceinZ AREStO] 53 AH|glo]
LAMP SE4H8-8 Al2tahet 4k Asuus 4%
primer AA|7]|ES A5 T LAMP assay= A
chefe o s iA=L glok A WA Gandelman
5(011)0] AASE stem-LAMPOJ| 4] stem primerS
loop primer3} 85171} loop primer 4177} Zekat
o) ejAlstel AHRe RN S, WghE Tew A
Kol BAlo] FABE AFeAAT. F WA e A
AT a3t A4S HET multiplex 7502 A
3lE]o] 7}a Qcklung 5, 2010; Liang 5, 2012). A
HA LAMP assay= ¢St spectrofluorimeter 5 TFFSH
7171E9°] &7f= a1 i Ahmed 5, 2010; Gandelman
= 2010; Tong 5, 2008). 12] T o] ATLo|A = o]
% Bst DNA polymerase 2t} ZZ &7 7fA%E Gsp
DNA polymerase”} 3£3+E|o] ¢l 0 Al Uxk PCRAH

Al&2He premix A& ARSI fﬂi% of o2 7}
Al AlekE AlEdfoF He =dd ol /A
ERL, o] Al LAMP assay %%%71 7Nt

- =
of WAIXokS WHE Wast glonz AuA 2
ol g Sk

Zhang 5(2011)2 LAMP assayl. 2 1A]7F B9 =
3 35 SYBR Green IS H7}3lo] MTC A2 T HO
lipoprotein®l mpt83 G711 E HYZ M. bovisE 10
copy/reaction7} 2] &3}tk 181l o]& HHH-E o]
€3+ Iwamoto 5(2003)2 MTCE A<E3517] Y8iA
grB FAXE AHESEoH, HESA = 50 copy
Zo|tt Hong 5(2012)2 mpt83 G71A4<E H{=
M. tuberculosis?} M. bovisE 71H3} a1, UHF PCRE]
AZE3HA 10 copy/wl Xt 2,‘401‘% 1 copy/ulz N7=
7} 9425190t} Bi 5(2012) 52 hspX 97144E H-9
2 MTCE 10 copy7tA| HZ3}9ch. Hwang S5(2011)
© 186110 SAAF B O|E MTCE 200 copyZ}*| AZ
SHAth ol ATtollA M. bovis®] HET A= 10
fo/ul =, 2 genomeof 4'Fst= DNA =& o|5 ¢
AT QEekAY Bt skt

M. bovis SAR7}Y M. tuberculosis®l| Z=R|5}=
12.7-kb o] AojH F= RD 7 Fitof sfgdsial
ol Aol A= LAMP assay® o|5 A3+t
517] 9184l BIP2} B3= Z12t9| primers AHE-5FG1
t}. 18]3l F3, FIP, FLP, BLP= M. bovis@} M. tuber-
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culosis®F FE0 2 AM8-3lG A4, loop primer (FLP,
BLP)E A|&Jgt Wl 7}9] primer7} 2}7] th& 04’31 7
Fele Soldor Astalr] "ol o5 F 7HA
Ad gt A wARHG-2 e A] gkt

Nagamine 5(2001)-2 LAMP 4¥h3-of QlojA =7
A 9] template DNA WA 2 glo] FZo] 7453}
o1 ¥ et AT Geojith S(2011)E Zhu S(2009)
o] Higt LAMP ¥hg-9] WIZt=5 F7HA7]7] flsl
X+ template DNAS] %z WAJo] A4Alo| HE-S-
AZE AAE Fel W ErE SKehal Baskqich
Aryan S(2010)% 186110 3-72}= MTC DNAS Z#%
517] 984l template DNAS  96°Col|A] 387t %7]
HA 142 AA|FFE I, LAMP assay?] HE-3-A]7to]
AETA N ¥ 7127 "ol HARRS AT
900 2 s}l 12jal o5& 27| WA §lo]
15k A= 200 copy©| AR, AR 2+
AR Foll= 1 copyZtA] A= 4 AATE w2t
Ot ALofA AMREH HE template DNAE 96°C
oAl 387 HMANRES AX F LAMP Hhg-ollo] 3
7¥sto] ARlshlal, M. OWSJ AETA= 10 fgul
2, 2 genome©®| AF5l= DNA s=%th

M. bovis®| EZF50] th3t LAMP assayoll A A=
AT 204 ool YlAINE, SotgA " AR
Al 23 template DNAo||= 9-ZA3N I} =29 {4
A7t EAEl0] 7] TRl whAIzbo] tha Aol
itk gtk o) Aol A= Isothermal Master Mix
(OptiGene, UK)= 405 Z3}sto] A7stH H|S0]
Al SFAREC] BAE7] "ol LAMP assay Hh-g-
At 30Ee 2 AlRsielnt aPal YA RS
template DNA= THFgE F-4x7F =] 917] of
=0 LAMP peak7} sE&t5ol Hls| A4 FF
TA(Fig. A" HolA] ALY Fol7f Zow vie
Al TmgkS SR1E A dAe

o AtollA], EEA ol HHE SolsA ®:
A A= 247 F 2171004 AtS 2Esh=t 45
o]/4F9] Alzto] BRI wel&- 87.5%C| AN,
LAMP assayol| A= A1<&38HA] BE A|Rol| A M. bovis

v 32

S~
=

jany
O:

> o
ot

Nl

i r_E

O

AN H

DNA7} AEEUT 7]1E9] PCRE 3o W A=

S AR 5 glom, FAlo] Ff oo 4 {4
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